In Brazil, the test that uses test tubes filled with cold water (25ºC) and tubes filled with water heated to a temperature of 45ºC is recommended by the Ministry of Health as a way of evaluate thermal sensitivity on the injured skin of leprosy patients. The purpose of this work was to quantify the thermal stimulation applied to the skin, as well as the temperature variation of the heated water and of the tube's outer surface during stimulation sessions. The experiment had the participation of 14 healthy volunteers (31.2±11.4 years-old), ten of which were male (33.1±13.5 years-old) and four were female (26.5±4.7 years-old). Three consecutive stimulation sessions were carried out, each of them with four stimuli. The maximum skin temperature at the end of the stimuli was measured at 35.8±0.6ºC. Such temperature values may be useful in the assessment of the loss of small fibers, which are responsible for the sensation of warmth. Key words: leprosy, thermal sensation, thermal sensory testing.
The research on thermal sensitivity is performed, many times, by using test tubes filled with heated and cold water 1 . In Brazil, such test is recommended by the Ministry of Health [2] [3] [4] for the evaluation of thermal sensitivity and, therefore, of small fibers present in the skin of leprosy patients. The test consists in using two test tubes filled with water, both of them with the temperature well defined, one containing water at 25°C 5 and the other containing water heated to the temperature of 45°C. Such temperature, according to the Ministry's manual [2] [3] [4] , must not exceed 45°C, because, if it does, a sensation of heat pain may be produced, instead of warmth. The tubes must be placed on the patient's healthy skin, as well as on the suspect area, taking turns (each turn with two seconds of duration), at random, between hot and cold tubes. The patient, then, must identify whether the tube is cold or hot. Despite the recommendation for a fixed-temperature test, some factors seem to contradict that assumption. One of them is the heat exchange between the water and the environment (through convection and radiation), or between the water and the examiner's or tested individual's skin (conduction), which leads either to the heating of the cold water or to the cooling of the heated water, since bodies kept at different temperatures tend to reach thermal equilibrium 6, 7 . Another factor is the temperature difference between the tube's outer surface and the water that it contains, caused by the glass' low thermal conductivity 6 . For this work, only water at 45°C was used. The main purpose was to quantify the thermal stimulation applied to the skin, in a controlled environment and using the same method, as well as the temperature variation for the water and for the tube's outer surface in stimulation sessions of healthy individuals.
METHOD
The experiment had the participation of 14 healthy volunteers with the age of 31.2±11.4 (mean±S.D.) yearsold, ten of which were male (33.1±13.5 years-old) and four were female (26.5±4.7 years-old). The study was approved by the local Ethics Committee, and all volunteers signed a "free and clarified" consent term.
The experiment's main purpose was to quantify the thermal stimulation applied to the skin, thus only heated water was used, considering that the heat transfer module between two bodies depends only on the temperature difference and on the physical properties of the bodies involved. Also, heat always flows from the hotter to the colder body 6 . The use of cold water is, therefore, unnecessary, because a similar result would be produced.
Three consecutive stimulation sessions were carried out on each volunteer, all performed by the same individual, in a silent environment, and room temperature adjusted to 26±1°C. The stimulation time was two seconds (S2) for the first session, as recommended by the Brazilian Ministry of Health. A second session (S5, duration of five seconds), as well as a third one (S10, duration of ten seconds), were included in this study with the purpose of assessing how the three temperatures (water, tube's outer surface and skin) vary as stimulation time increases. Four stimuli were used per session, with a fixed five seconds interval between each stimulus. The interval between each session was of five minutes.
A common glass test tube, 180 mm long, internal diameter of 13.2 mm, wall thickness of 1.0 mm and capacity of 24 mL was used for the stimuli (Fig 1) . For each session it was filled with 15 mL of water, heated to a temperature of 70°C, and held by the examiner near the open extremity between the first and second fingers. The tube was manually and constantly agitated while the water temperature was monitored. The test began when the temperature reached 45±0.5°C. The temperatures were recorded for ten seconds, prior to the first stimulus, with the purpose of measuring the skin's initial temperature.
Temperature measurements were performed with the use of three NTC thermistor-type sensors (Cantherm -MF51E103E3950, 10KΩ±0.5%). One thermistor was placed inside the test tube (Fig 1) for water temperature measurement (water sensor -WS). It was positioned and kept at the tube's center, with the use of a rigid wire spiral. Vertically, the sensor was positioned 2 cm away from the tube's lower extremity. The second sensor was placed along the tube's outer wall (external sensor -ES) and aligned with the water sensor. Finally, the third sensor was firmly placed, with adhesive tape, on the volunteer's skin (skin sensor -SS), at the 1/3 proximal, anteromedial part of the right forearm. A thin layer of thermal compound was used (Implastec -IPT300) to increase heat transfer of the second and third heat sensors and their respective measurement points.
The signals from the three sensors were filtered using a lower-pass of 5 Hz. Digitalization was performed at a rate of 50 samples per second by using a USB-6211 board (16 bits) and LabView® virtual instrumentation software, both produced by National Instruments® (USA). A virtual instrument was especially constructed, which: shows real-time temperature curves of the three sensors; allows control of data saving to a computer's hard drive and generates sound signals (beeps) for stimulation cadence.
Prior to the beginning of the test, the volunteers were instructed to assess the sensation and to answer the following questions: [A] at the end of each session, whether the 4 stimuli had a similar or different intensity, and, if different, which one was the most intense; [B] at the end of the experiment, what was the difference in the perception of the stimuli between the three sessions. Fig 2 , charts are presented with the average temperatures for each of the three sensors, as well as the beep signal for each session.
RESULTS

In
Water temperature
Water temperature, at the beginning of each session (t1), was measured at 45.5±0.3°C. The cooling process was approximately linear, at the rate of -1.28±0.10°C/ min. There were small variations in the temperature of the water between the beginning and the end of each stimulus, the largest of them being -0.3±0.06°C, in session S10, and the smallest one -0.04±0.05°C, in session (Table 1) . However, in the time interval comprised between the first and the last stimulus (t1 to t8), the water temperature variation was measured at -0.6±0.11°C during session S2, -0.9±0.14°C during session S5, and -1.5±0.25°C during session S10.
S2, as expected
Tube's outer wall temperature
At the beginning of the stimuli (instant t1), it was noted that the temperature of the tube's outer wall was of 41.3±0.69°C. Such temperature was always lower (-4.3±0.6°C) than the water's (Fig 2) . In addition, when the temperatures at the initial instant (t1) and at the final instant of each stimulus (ΔTemp = Temp end -Temp t1 ) were compared, there was a noticeable decrease in the initial temperatures and increase in the final temperatures for sessions S5 and S10. For session S2, however, there was a decrease in the initial and final values. Such types of behavior produced a decreasing pattern for temperature variation ( Table 2) .
The magnitude of the tube's temperature variation during the first stimulus (|Amplitude=Temp t2 -Temp t1 |) was significant, and considerably larger than that of the subsequent stimuli. That magnitude, as ex- pected, increased with stimulation time, being measured, for session S2, at 3.1±0.68°C in the first stimulus and at 2.3±0.34°C in the second one. For session S5, the magnitude decreased from 4.4±0.85°C to 2.6±0.63°C, and, for session S10, from 4.2±0.79°C to 1.9±0.61°C. 
Skin temperature
At the beginning of the stimuli (t1), it was noted that the skin's temperature was of 32.9±0.46°C, i.e., much lower (-12.6±0.61°C) than the water's (Fig 2) . The highest temperature of the skin reached 35.8±0.60°C, at the end of session S10.
The magnitude of the skin's temperature variation during the first stimulus, as in the case of the tube's temperature, was considerably larger than that of the subsequent stimuli (Table 3) . For session S2, the magnitude was measured at 1.4±0.42°C in the first stimulus and 1.0±0.22°C in the second one. For session S5, the magnitude decreased from 2.0±0.53°C to 1.5±0.34°C and, for session S10, from 2.4±0.61°C to 1.7±0.33°C. In the subsequent stimuli, the difference between the magnitudes did not exceed 0.2°C for each session.
The temperature's behavior presented an increasing pattern, i. e., during the intervals between the stimuli (t2-t3, t4-t5 and t6-t7) the skin's temperature did not return to its initial (basal) value. Therefore, the skin's temperature at the second stimulus' initial instant (t3) is higher than that of the first stimulus (t1) and so forth. Table 3 shows that the second stimulus presented a temperature increase of 0.4±0.18°C for session S2, 0.6±0.18°C for session S5 and 1.0±0.32°C for session S10.
DISCUSSION
The skin's thermoreceptors respond to temperature variations of the basal value (which, according to different authors, ranges from 32 to 35°C [8] [9] [10] [11] ). Such receptors show a higher response on the face of quick temperature variations, but also respond, with lower intensity, to constant or slow-varying temperatures. The receptors responsible for heat sensations respond almost proportionally to the skin's temperature increase over 29°C, reaching a peak of activity when the temperature reaches 45°C, and then decreasing as the temperature approaches 49°C 9, 10 . According to the Brazilian Ministry of Health, the water temperature must not exceed 45°C in heat sensitivity tests, because a sensation of heat pain may be pro- duced, instead of warmth. In this study, carried out in a controlled environment, the temperatures of water, tube's outer surface and skin were determined. The water temperature (from 45.5 to 44.0°C) decreased almost linearly (-1.28±0.10°C/min) during the whole experiment. The temperature at the tube's outer surface (from 41.3 to 37.2°C) was always lower than that of the water contained in the tube, and that difference is due to the glass' low thermal conductivity 6 . There is a complementary behavioral relationship between the temperature of the tube's outer surface and the temperature measured on the skin when it gains heat, i. e., the temperature of the tube's outer surface decreases and the skin's temperature increases, though with different magnitudes. Such difference is due, mostly, to the fact that the skin's specific heat is about five times that of the glass 6, 12 . Therefore, the highest temperature measured on the skin (35.8°C), i. e., the stimulation temperature of the skin's receptors, was always lower than the temperature measured at the tube's outer surface (minimum 37.2°C) and much lower than the water temperature (minimum 44.0°C). Even though the water temperature (45°C) is, in theory, able to stimulate warming fibers (C fibers), as well as nociceptors responsible for heat pain (Aδ and C fibers), this study revealed that the temperature range of the stimulus measured on the skin during the stimuli (34.3 to 35.8°C) is related to warming fibers (29 to 45°C) 9, 13 . One can note, by relating the data collected from the present study with the temperature values recommended by the Brazilian Ministry of Health for the assessment of leprosy patients, that the test tube method can be useful in the study of thermal sensitivity, because, in skin injuries, alterations begin in the heating and cooling sensations, progressing to pain sensations (hot and cold) and then to tactile sensitivity [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Therefore, in endemic areas, in the investigation of injuries, the test can be useful in the disease's early diagnosis.
During the intervals between the stimuli the skin's temperature did not return to its initial (basal) value, presenting, instead, a tendency to increase. In addition, the magnitude of the stimuli decreased during the session. Thus, the conditions of the second and subsequent stimuli are different from those of the first. Considering the three sessions, S2 presented the smallest temperature differences between the stimuli, and seems, therefore, to be the most appropriated duration for the stimuli.
In answer to question [A] , at the end of each session, whether the 4 stimuli had a similar or different intensity, and, if different, which one was the most intense, 12 of the 14 volunteers reported that the first stimulus was more intense than the others and the sensation of warmth decreased in the subsequent stimuli, which was confirmed by the measurements of the skin's temperature (Table 3) . Two volunteers (one male and one female) affirmed not to notice any difference in stimuli intensity. In answer to question [B] , at the end of the experiment, what was the difference in the perception of the stimuli between the three sessions, all volunteers reported that the thermal sensation in the four stimuli was better perceived for stimulation times of five and ten seconds. That observation suggests that the difference in magnitude between the first and second stimuli (0.4°C), which occurred in S2, was not easily noticed, which confirms, from a qualitative standpoint, that stimuli of similar intensity occurred.
This test does not allow a quantification of the results, making it difficult to be compared with subsequent tests. Several factors interfere in its variability and repeatability, among which, the exact temperature of the water in the tubes, the amount of water, the glass' thickness, room temperature, the positioning of the tube and the pressure it exerts on the skin, as well as the time of contact between the tube and the skin. Therefore, it is recommended that such thermal tests be performed with stimulators under strict temperature control, to ensure greater dependability and repeatability to the thermal sensitivity test.
